The release and occurrence of antibiotics in the aquatic environment has generated increased attention in the past few decades. The residual antibiotic in wastewater is important in the selection for antimicrobial resistance among microorganisms and the possibility of forming toxic derivatives.
INTRODUCTION
The prevalence of micro-pollutants like pharmaceuticals in the aquatic environment has become an issue of global importance in recent years. Pharmaceuticals are used in human and veterinary medicine as prophylaxis and therapeutics, boosting immunity as well as stimulating and improving the rate of growth in animal production (Luo et al. ) . This is seen as a response to provide for the ever growing human population, to meet an increasing demand (Singer et al. ; Van Boeckel et al. ) .
This increase in antibiotic consumption may facilitate antibiotic resistance development in microorganisms.
The treatment of antibiotic resistant bacteria in humans may demand increased doses of antibiotics, the combination of several drugs or the use of entirely new ones (Boehme et al. ) .
Antibiotics are released to the aquatic environment through various routes. After administration to humans, they are excreted partly as incompletely metabolized products (Chang et al. ) and partly as unchanged active compound via urine and feces, ending up in the sewer system, and are subsequently released into the environment in the effluents after potential wastewater treatment (Kümmerer ) . The wastewater treatment plants The active compounds of the antibiotics, or their biologically active metabolites, may also percolate from land or leaking sewers to the groundwater (Frey et al. ) . The presence of these active components in the environment remains a potential risk whether at low (sub-lethal level) or high (toxic level) concentration (Jiang et al. ) .
Quinolones (ciprofloxacin) are among the most used antibiotics in the world, and the wide spread of resistant strains has been well established (Acar & Goldstein ; Rocha et al. ) . Lower respiratory tract infections are sometimes not susceptible to ciprofloxacin (Fuller & Low ; Pereyre et al. ; Pribul et al. ) . This trend in bacterial resistance is on the increase, creating a haven of super resistant bacteria to the stronger antibiotics. The same fate of resistance applies to sulphonamide, which has led to reduction in its usage (Enne et al. ; Alonso et al. ) .
One of the causes of antibiotic resistance is the 'misuse of antibiotics', which leads to selection for resistance genes (Lukacǐšinová & Bollenbach ) . The presence of these antibiotics in the water and food we consume ( Jones et al. ) may lead to their unintentional misuse and further resistance development ( Jones et al. ) . This calls for a holistic approach to mitigate the presence and persistence of antibiotics in the environment from sources such as the wastewater. 
FACTORS INFLUENCING SAMPLE PREPARATION
All experiments are dependent on the quality of sampling.
Sample collection and preparation (preservation, filtration and extraction) are the first steps and an essential part of the analytical procedure, followed by chromatographic separation, detection and data analysis. Proportionately, 80% of the analytical time is used for sampling and sample preparation (Buszewski & Szultka ) . Sampling generally implies choosing a small fraction of a matrix that is representative of the quality of the whole matrix. Factors such as frequency and time of sampling, temperature, sampling method and sampling equipment must be critically considered in order to have a good sample for antibiotics analysis (Ort et al. ) .
A good knowledge of the physicochemical properties of the analytes (antibiotics) is an important precondition in sample preparation (Namieśnik et al. ) . As highlighted in Table 1 , the acid dissociation constant (pKa) is an indicator of the acid-base property of the antibiotics and determines its ionization rate, which enables an effective adjustment of the sample pH for preservation and extraction (Qiang & Adams ) . Partition coefficient (log P) is an indicator of the degree of hydrophilicity and hydrophobicity of a substance and measures its solubility in two different phases. Antibiotics with high log P are hydrophobic in nature, whereas a low log P is hydrophilic (Pavlović et al. ) . Cyclic or ring structures of antibiotics can also influence their solubility as well as the level of complexity (the bond structure within the rings) and number of rings.
These parameters guide the selection of solvent and extraction media when choosing the extraction method.
It can be inferred that there is a tendency for the solubility of an antibiotic in water to increase with decreasing number of rings in the molecule.
Various models for predicting the solubility of drugs exist, based on parameters such as the log P of the drug, mol- Poor detection limit as a result of the use of a less sensitive detector (DAD). 
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partly taken over the traditional use of the SPE in sample pre-treatment.
Magnetic solid phase extraction
In the MSPE method, magnetic particles ( 
Molecular imprinted polymer
Another methodological extraction SPE-based alternative is the MIP. These are polymers that have been processed using the molecular imprinting technique, which leaves cavities in the polymer matrix with an affinity for a chosen 
Hollow-fiber liquid-phase microextraction
In HF-LPME, a hollow fiber containing an organic solvent is is immersed in an organic solvent to immobilize this in the pores, and excess solvent is removed. A hydrophobic solvent is used as a thin barrier within the wall of the HF to ensure that the organic does not mix with the aqueous sample during the extraction process. Depending on the type of phase involved in HF-LPME, the acceptor solution can be either an 'organic solvent' in the hollow fiber, which makes it a two-phase extraction process, or an acidic or alkaline 'aqueous solution', which makes it a three-phase extraction process.
In the two-phase extraction process, the targeted analytes are extracted from the aqueous sample into the organic solvent (acceptor solution) present both in the porous HF wall and inside the core of the HF. In the three-phase process, the analytes are extracted from the aqueous sample via the organic solvent in HF pores, then into the aqueous acceptor solution in the core of the HF (Sarafraz-Yazdi & Amiri ).
The HF-LPME process has proven to be a simple, low 
Dispersive liquid-liquid micro-extraction
The DLLME technique is generally based on the dispersion of extracting solvent in a sample matrix, and it is composed 
SOCIETAL IMPACT
The release and persistence of antibiotic residues in the wastewater, receiving water bodies and the environment lead to the emergence of antimicrobial resistance among environmental isolates. This also triggers selection for antibiotic resistant genes. Quantitative and qualitative analysis of antibiotics in the environment is, therefore, vital for effective planning against the result of an ecological resistance pool effect and spread to humans through several transmission routes.
Different approaches have been employed by many researchers to quantify the antibiotic residues in the environment, mainly in the aquatic environment. Despite this being an issue of global concern, few reports are available on this study area, particularly from developing countries. This review presents a critical assessment of advances in methods of extraction evaluation for antibiotic micropolutants in wastewater with a focus on sulphonamides and quinolones. A comparative analysis on these antibiotics in wastewater was done, using the few available reports, with a view to identifying quick and effective ways of extracting and quantifying them in the environment. Structural elucidation of various antibiotics with respect to their physiochemical properties was correlated with their solubility, towards enhancing the extraction protocols. Funding of research is mostly a great challenge; with the level of finance of developing nations in mind, and the fact that resistant bacteria are not boundary restricted, there is a need to develop an efficient and cost-effective method towards the quantification/identification of antibiotics in the environment. Valuable perspectives for improvement in these protocols based on a few existing gaps were presented.
CONCLUSION AND FUTURE TRENDS
The progress in the advancement in extraction methods over the last years is well documented and is constantly being updated in the literature.
The improvement in the LLE (DLLME, HF-LPME) has greatly reduced the volume of solvent used in the extraction process, thereby decreasing its environmental impact. However, the inability to reuse the solvent used in the process of extraction is a disadvantage, due to higher costs. Also, the centrifugation process of DLLME prevents direct automation, albeit several modalities are being researched (Herrera-Herrera et al. ).
MIP processes are very selective and sensitive for analytical methods, and the fact that they can be used to solve selectivity/sensitivity problems in a less cumbersome way makes them an efficient process of extraction, while the non-availability of commercial template and monomers makes the process less practicable. The polymers used in MIP are not like the conventional SPE sorbents that are universal, as the imprinted polymers must be synthesized for the specific analyte or class of analytes to be extracted.
The possibility of having a more robust and advanced sample preparation technique, which will utilize a highly selective filtration system, with an onsite filtration ability and a hybrid extraction method, which will involve an advanced method of both LLE and SPE, will create a less cumbersome process for the analytical chemist. An automated highly sensitive and rugged analytical system that will be able to analyze samples with little or no pre-instrumental treatment, enhancing analyte quantification through reduction in analyte lost, will be of future interest. 
